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further complicated by the fact that unless the PPI molecule
is protected, it is subject to degradation in the presence of stom-
ach acid.3 The PPIs (except for Zegerid) are therefore encap-
sulated or enterically coated to prevent premature activation
of the drug in the presence of gastric acid.2,3 Opening the cap-
sule and administering the contents have the potential to leave
the granules vulnerable to degradation, premature activation,
and decreased efficacy.

Information about administering PPIs via enteral feeding
tubes is limited. This article discusses the available literature
and provides practitioners with suitable methods of adminis-
tering PPIs via nasogastric, gastrostomy, and jejunostomy
tubes. A search of PubMed utilizing the terms omeprazole, lan-
soprazole, esomeprazole, pantoprazole, rabeprazole, enteral,
nasogastric, gastrostomy, and jejunal was conducted. All
 retrievable in vitro and in vivo studies describing an extempo-
raneous formulation administered via an enteral tube were
 included for review.

NASOGASTRIC TUBES
Many PPIs include instructions in the package insert for

 administration via nasogastric tubes.5–10 Table 2 presents en-
teral tube instructions for omeprazole delayed-release oral
suspension packets, omeprazole/sodium bicarbonate powder
for suspension, lansoprazole (Prevacid Solu-Tab), pantoprazole
for delayed-release oral suspension, and esomeprazole de-
layed-release capsules and oral suspensions. Although the use
of capsule contents is not documented in the package insert,
they have been evaluated in various formulations for use via
an enteral feeding tube. 

Available in both capsule and suspension forms, Zegerid con-
tains an antacid component in addition to a PPI component.
The capsules, however, should not be opened.8 If Zegerid is to
be used, the powder for suspension should be prescribed. 

Several studies have sought to determine the bioavailability
and efficacy of many of these formulations via the enteral
route and have also compared them with capsule and IV for-
mulations. When considering agents to include on an institu-
tional formulary, P&T committee members may be influenced
by a drug’s bioavailability and comparative efficacy. 

A review of the literature describing enteral administration
is provided next. Table 3 includes instructions on compound-
ing the formulations used in the following studies.

Omeprazole Delayed-Release Capsules
Larson et al.11

In one of the earliest studies of omeprazole given by naso-
gastric tube, the agent’s efficacy and bioavailability were sim-
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INTRODUCTION
Role of Proton Pump Inhibitors

Patients requiring enteral nutrition may also be in need of
acid-suppressing therapy with proton pump inhibitors (PPIs).
Currently, five PPIs are available in the U.S.: omeprazole
(Prilosec, AstraZeneca), omeprazole/sodium bicarbonate
(Zegerid, Santarus), esomeprazole (Nexium, AstraZeneca),
lansoprazole (Prevacid, Tap/Takeda), pantoprazole (Protonix,
Wyeth), and rabeprazole (Aciphex, Eisai). All of these products
are available in oral form, and several are also available in an
intravenous (IV) form (Table 1).1

PPIs are highly ef fective for the treatment of gastro -
esophageal reflux disease (GERD), ulcers, and gastrointesti-
nal (GI) bleeding. Indications approved by the FDA for each
PPI are provided in Table 1. 

When gastric contents are at a pH of below 2, protein de -
naturation and the conversion of pepsinogen to pepsin occur
and can lead to irritation of the esophagus.2 Other factors such
as histamine and gastrin also play a role in the secretion of
 gastric acid with resulting esophageal irritation.3 Gastric con-
tents at a pH of less than 4 for extended periods of time have
been associated with a higher severity of disease. Therefore,
it is not surprising that time spent at a pH above 4 has been cor-
related with esophageal healing.2

PPIs exhibit their effects by inhibiting H+/K+-adenosine
triphosphatase (ATPase) in parietal cells.2,3 This inhibition
sufficiently raises and maintains gastric pH to exceed 4.2 Cur-
rently available PPIs can maintain this pH level 50% to 60% of
the time.2

Tube Feedings
Patients who require enteral nutrition may be supported by

one of the following insertion techniques: nasogastric tube,
 nasoduodenal tube, gastrostomy tube, jejunostomy tube, or a
combined gastrojejunostomy tube.4 The use of feeding tubes
to administer medications is common practice, but the pro -
cedure is complicated by the potential for the medication to
clog or to adhere to the sides of the tube. 

Although several PPIs are available in an IV form (see Table
1), if a patient has a functional GI tract, it may still be feasible
to administer an oral formulation. The use of IV PPIs may also
be complicated by a lack of venous access and cost restrictions.
Administration of the capsule’s contents via a feeding tube is
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ilar in oral administration. Larson et al. enrolled 10 healthy vol-
unteers who were taking no other medications. Acid output
was measured in 15-minute intervals over one hour. Peak acid
output was determined to be the sum of the highest two con-
secutive measurements. In this crossover study, oral adminis-
tration decreased peak acid output by 85%, compared with
79.6% via nasogastric tube. The difference was not significant
(P = 0.30).

Philips et al.12

Omeprazole given in a sodium bicarbonate solution has
been shown to prevent stress-related mucosal bleeding and to
raise GI pH in critically ill patients. Phillips et al. evaluated 75
patients on mechanical ventilation who received an omeprazole
suspension until mucosal bleeding prophylaxis was no longer
necessary. These patients received two doses of 40 mg, then
a daily dose of 20 mg. Five patients had pre-existing GI bleed-
ing, which resolved within 36 hours in all five. Of the 65 patients
who received omeprazole as prophylaxis, none experienced GI
bleeding. The mean baseline pH was 3.5 ± 1.9; after omepra-
zole therapy, the mean pH rose to 7.1 ± 1.1.

Tuleu et al.13

A case report by Tuleu et al. demonstrated the potential lack
of efficacy of omeprazole in the pediatric population. An infant

underwent routine stomach aspiration, which was performed
18 hours after the last omeprazole dose was given. The nurse
noticed that the contents contained a poppy seed–like sub-
stance. The authors reported that this phenomenon had also
occurred in at least six other infants. Upon high-performance
liquid chromatography (HPLC) mass spectroscopy, the “poppy
seeds” were discovered to be omeprazole and its degradation
products. The authors speculated that the premature degrad-
ing was possibly caused by delayed gastric emptying and by
the use of water instead of sodium bicarbonate to make a
 solution. Sodium bicarbonate is often used for suspensions to
protect the PPI molecule from premature degradation; how-
ever, for these patients in pediatric intensive care, sodium
 bicarbonate was not used because of ventilator exposure and
potential chronic alkalosis.

Haizlip et al.14

In a larger study of an omeprazole suspension in 18 critically
ill pediatric patients, continuous gastric pH monitoring was
used to determine efficacy. Patients were given the suspension
at a dose of 1 mg/kg of body weight with titrations, as neces-
sary, to a maximum of 20 mg. At the completion of the study,
patients were classified according to their response to therapy.
Patients were considered rapid responders if a goal pH of
 between 4 and 7 was maintained for most of the 12 hours after

PPIs in Enteral Nutrition

Table 1 Formulations of Proton Pump Inhibitors (PPIs) Available in the U.S.

PPI Capsule or Tablet

Solution or 
Granules for

Oral Suspension IV FDA-Approved Indications

Omeprazole Yes; capsule (prescrip-
tion); tablet (over the
counter)

Yes No Duodenal ulcer, H. pylori (combined with amoxicillin
and/or clarithromycin), gastric ulcer, GERD, maintenance
healing of erosive esophagitis, hypersecretory conditions

Omeprazole/
sodium 
bicarbonate

Yes; immediate-release
capsule

Yes No Duodenal ulcer, gastric ulcer, GERD, maintenance healing
of erosive esophagitis, upper GI bleeding risk reduction
in critically ill patients

Esomeprazole Yes; capsule Yes Yes GERD, NSAID-associated gastric ulcer risk reduction, 
H. pylori eradication (in combination with amoxicillin and
clarithromycin), hypersecretory conditions

Lansoprazole Yes; capsule, 
disintegrating tablet

Yes Yes Duodenal ulcer, H. pylori eradication (combined with 
clarithromycin and/or amoxicillin), maintenance of healed
duodenal ulcers, active benign gastric ulcer, healing of and
risk reduction of NSAID-associated gastric ulcer, GERD,
maintenance healing of erosive esophagitis, 
hypersecretory conditions

Pantoprazole Yes; tablet Yes Yes GERD-associated erosive esophagitis, maintenance heal-
ing of erosive esophagitis, hypersecretory conditions

Rabeprazole Yes; tablet No No Healing or maintenance of erosive or ulcerative GERD,
GERD, duodenal ulcers, H. pylori (combined with amoxi-
cillin and clarithromycin), hypersecretory conditions

* All oral formulations are delayed-release unless otherwise denoted.
GERD = gastroesophageal reflux disease; GI = gastrointestinal; H. pylori = Helicobacter pylori infection; IV = intravenous; NSAID = nonsteroidal  

anti-inflammatory drug.
Data from Lexi-Drugs1 and package inserts for Nexium,5 Prevacid,6 Prilosec,7 Zegerid,8 Protonix,9 and Aciphex.10
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the first omeprazole dose (78 ± 25%).14 Nine patients (50%),
were classified as late or nonresponders; these patients main-
tained a goal pH of only 43 ± 19% and 20 ± 25% of the time dur-
ing the 12 hours after the first omeprazole dose. 

In addition to the disadvantage of an open-label study with
a small number of participants, the authors stated other limi-
tations that might have resulted in such a high failure rate. Dif-
ferences in patient populations, premature activation of
omeprazole, and a lack of pharmacokinetic evaluations further
limited this study.

Olsen et al.15

Conversely, omeprazole has been quite effective in pediatric
transplant patients. Omeprazole suspension was given via naso -
gastric tube in 11 postoperative patients who had undergone
liver or intestinal transplantation (or both). Evaluated outcomes
included changes in pH, time spent at a pH above 4, and phar-
macokinetic and pharmacodynamic parameters. Patients
 received omeprazole 0.5 mg/kg twice daily, for a maximum of
20 mg. Continuous pH monitoring indicated that the baseline
pH was 1.0 ± 0.8. After omeprazole was administered, the mean

PPIs in Enteral Nutrition

Table 2 Nasogastric Administration of Proton Pump Inhibitors (PPIs) as Suggested by Manufacturers

PPI Instructions

Esomeprazole Delayed-release capsules
1. Empty intact granules into a 60-mL catheter-tipped syringe.
2. Mix with 50 mL of water.
3. Replace plunger; vigorously shake for 15 seconds.
4. Check for granules in the syringe tip; if none, attach syringe and administer contents.
5. Flush tube with water.
6. Do not administer if granules have dissolved or have disintegrated.
7. Administer immediately after preparation.

Delayed-release oral suspension
1. Add 15 mL of water to a catheter-tipped syringe.
2. Empty contents of packet into syringe (10, 20, or 40 mg).
3. Shake syringe; allow 2–3 minutes for suspension to thicken.
4. Shake syringe again and administer.
5. Draw 15 mL of water into syringe; shake and flush tube.
6. Administer in a French size 8 tube or larger.
7. Administer within 30 minutes of preparation.

Lansoprazole Solu-Tab 1. Place tablet in syringe; draw up correct amount of water (15 mg = 4 mL; 30 mg = 10 mL)
2. Gently shake.
3. Administer via tube within 15 minutes.
4. Refill syringe with 5 mL of water; flush tube.

Omeprazole delayed-release
oral suspension packets

1. Add appropriate amount of water to a catheter-tipped syringe; add contents of packet 
(2.5 mg = 5 mL; 10 mg = 15 mL).

2. Shake syringe; allow 2–3 minutes for suspension to thicken.
3. Shake syringe again; administer contents.
4. Refill syringe with an equal amount of water to flush tube.
5. Administer in a French size 6 tube or larger.
6. Administer within 30 minutes of preparation.

Omeprazole and 
sodium bicarbonate 
powder for suspension

1. Constitute suspension in 20 mL of water.
2. Stir well.
3. Using a syringe, administer immediately.
4. Flush tube with 20 mL of water.

Pantoprazole 
delayed-release 
oral suspension 
packets

1. Remove plunger from 60-mL catheter-tipped syringe; attach syringe to tube.
2. Empty packet contents into syringe.
3. Add 10 mL of apple juice.
4. Gently shake syringe to empty contents into tube.
5. Flush syringe and tubing with 10 mL of apple juice.
6. Repeat flush at least two additional times or until no granules remain in syringe.
7. Administer in a French size 16 tube or larger.
8. Hold tubing upright during administration to prevent bending of tube.

Rabeprazole No information available.

Data from package inserts for Nexium,5 Prevacid,6 Prilosec,7 Zegerid,8 Protonix,9 and Aciphex.10

text continued on page 148
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PPIs in Enteral Nutrition

Table 3 Alternative Methods of Enteral Tube Administration of Proton Pump Inhibitors (PPIs): 
Recipes and Efficacy 

Study Tube PPI Recipe Efficacy

Larson 
et al.11

Nasogastric Omeprazole 1. Remove granules from capsule; place in small cup.
2. Flush 6–10 granules at a time with 10–20 mL of water.

No differences in 
reduction of acid output
compared with capsule.

Phillips 
et al.12

Nasogastric Omeprazole 1. Remove granules from capsule; place in empty 10-mL
syringe with plunger removed.

2. Replace plunger; draw 8.4% sodium bicarbonate solu-
tion into syringe (10 mL for 20 mg; 20 mL for 40 mg)

3. Allow about 30 minutes for granules to dissolve; agita-
tion is helpful.

4. Shake before use; do not administer with acidic sub-
stances.

Reduced bleeding associ-
ated with stress-related
mucosal damage; effective
in raising baseline pH.

Tuleu et al.13 Nasogastric Omeprazole 10 mg of omeprazole in 10 mL of water used. Case report of critically ill
pediatric patient; degrada-
tion product found in
stomach aspirate.

Haizlip 
et al.14

Nasogastric Omeprazole See recipe by Phillips et al.31 50% of critically ill pedi-
atric patients experienced
late or no response.

Olsen et al.15 Nasogastric Omeprazole 1. Add granules of a 20-mg capsule to 10 mL of 8.4%
sodium bicarbonate solution.

2. Allow 15–30 minutes for granules to dissolve; gently 
agitate. 

3. Administer via tube; flush with water; clamp tubing for
30–60 minutes.

Effectively raised and
maintained baseline pH;
Cmax and AUC greater
after multiple dosing 
intervals.

Kaufman 
et al.16

Nasogastric Omeprazole An 8.4% sodium bicarbonate solution was used. Effectively raised and 
maintained baseline pH.

Dunn et al.17 Nasogastric Omeprazole
Lansoprazole

1. Remove granules from capsule; place in small cup.
2. Mix with 30 mL of tap water, 15 mL of tap water, or 

15 mL of apple juice.
3. Attach 60-mL catheter-tipped syringe with plunger 

removed to tube.
4. Flush tube with water (10 or 15 mL) or apple juice 

(15 mL).
5. Place dispersion into syringe; replace plunger (maintain

5 mL of air between plunger and dispersion).
6. Administer dispersion over 10–15 seconds.
7. Remove plunger.
8. Rinse cup with 10 or 15 mL of liquid; administer 

remaining granules.
9. Flush tube with 10 or 15 mL of liquid.

In vitro administration 
resulted in variable deliv-
ery rates; dispersion vehi-
cle or volume did not af-
fect delivery rates; size 14
French tube was used.

Chun et al.18 Nasogastric Lansoprazole 1. Empty contents of a 30-mg capsule into 60-mL
catheter-tipped syringe with plunger removed.

2. Add apple juice to syringe; replace plunger.
3. Remove all air from syringe; draw apple juice into 

syringe to make 40 mL.
4. Gently shake syringe.
5. Administer contents over 3–5 minutes.
6. Flush tube with 40 mL of apple juice; repeat once.
7. Total volume of apple juice to be used = 120 mL.

No differences in 
pharmacokinetic 
parameters when 
compared with capsule;
size 16 French tube was
used.
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Table 3 Alternative Methods of Enteral Tube Administration of Proton Pump Inhibitors (PPIs): 
Recipes and Efficacy continued

Study Tube PPI Recipe Efficacy

Doan et al.19 Nasogastric Lansoprazole 1. Place contents of 30-mg capsule in 10 mL of 8.4%
sodium bicarbonate solution.

2. Administer immediately after preparation.
3. Flush tube with 30 mL of water.

Suspension was bio -
equivalent to capsule; 
size 8 French tube was
used.

Freston 
et al.20

Nasogastric Lansoprazole 1. Empty contents of 30-mg capsule into 60-mL catheter-
tipped syringe.

2. Draw 40 mL of apple juice into syringe.
3. Gently mix.
4. Administer contents through tube by tilting and gently

tapping syringe.
5. Flush tube with 40 mL of apple juice; repeat once.
6. Total volume of apple juice to be used = 120 mL.

Efficacy was maintained
and produced similar 
effects as IV pantoprazole;
size 16 French tube was
used.

Tsai et al.22 Nasogastric Lansoprazole 1. Insert ¼ of 30-mg capsule contents into syringe. 
2. Add water; slowly administer granules. 
3. Repeat until all granules are administered.
4. Flush tube with 15 mL of water.

Effectively reduced gastric
acidity in critically ill 
patients; size 16 French
tube or larger was used.

Ferron 
et al.23

Nasogastric Pantoprazole 1. Grind 40-mg tablet into fine powder.
2. Transfer powder to glass container.
3. Rinse mortar and pestle with 5 mL of 4.2% sodium bi-

carbonate solution; repeat once; add obtained suspen-
sion to glass container.

4. Mix contents of glass container for 10 minutes until
suspension forms.

5. Transfer suspension to polypropylene syringe.
6. Rinse glass container with 5 mL of 4.2% sodium bicar-

bonate solution; repeat once; add obtained suspension
to syringe.

7. Administer contents; flush tube with 20 mL of water.

Cmax is comparable to that
of tablet; bioavailability of
suspension is 25% lower
than that of tablet; size 16
French tube used; may
prepare suspension 4
hours before administra-
tion; protect from light.

Shah et al.28 Nasogastric
gastrostomy

Esomeprazole Tap water suspension 
1. Add 25 mL of tap water to catheter-tipped syringe.
2. Empty contents of 40-mg capsule into syringe.
3. Replace syringe plunger; with syringe tip up, shake

gently until all pellets move throughout the syringe 
(approx. 15 seconds).

4. Leaving 5 mL of air between plunger and contents,
administer contents using a side-to-side shaking
method if necessary.

5. Add 25 mL of tap water to syringe; shake vigorously
for 15 seconds, and flush tube.

30% Ora-Plus Suspension
1. Add 17.5 mL of tap water to catheter-tipped syringe.
2. Empty contents of 40-mg capsule into syringe.
3. Draw 30% Ora-Plus suspension into syringe until 25-

mL mark is reached.
4. Replace syringe plunger; with the syringe tip up,

shake gently until all pellets move throughout syringe
(approx. 15 seconds).

5. Leaving 5 mL of air between plunger and contents,
administer contents using a side-to-side shaking
method if necessary.

6. Add 25 mL of tap water to syringe; shake vigorously
for 15 seconds, and flush tube.

In vitro administration 
resulted in delivery rates
of about 99%.

continued on next page 
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pH remained above 4 and was maintained at this level for 97.8%
± 5.4% of the time after multiple dosage intervals. Mean maxi-
mum concentration (Cmax) and area-under-the-curve (AUC)
values were significantly greater after multiple dosing intervals
compared with the first dosing interval, as follows:

Cmax initial = 812 ± 409.1 vs. Cmax multiple = 1,258.7 ± 286.2 
(P < 0.05)

AUC initial = 4,956.3 ± 3,305.4 vs. AUC multiple = 7,622.9 ± 2,738 
(P < 0.05)

Kaufman et al.16

In another study of 22 liver and/or intestinal transplant
 pediatric patients, omeprazole was effective in suppressing
gastric pH. Patients received omeprazole 0.5 mg/kg twice
daily. Measured outcomes were gastric pH and the percentage
of time spent with the pH above 4. Baseline pH, after the initi-
ation of therapy, did not differ between patients undergoing
liver transplantation (6.2 ± 0.5) or intestinal transplantation (6.1
± 0.4). In addition, the time spent with the pH above 4 did not
differ between liver transplant patients (86% ± 7%) and intestinal
transplant patients (81% ± 8%). Finally, the time spent with the

PPIs in Enteral Nutrition

Table 3 Alternative Methods of Enteral Tube Administration of Proton Pump Inhibitors (PPIs): 
Recipes and Efficacy continued

Study Tube PPI Recipe Efficacy

Sharma 
et al.24

Gastrostomy Omeprazole 1. Flush tube with 15 mL of orange juice. 
2. Empty contents of capsule into syringe. 
3. Administer contents of syringe using  small amounts of

orange juice until all  granules are administered. 
4. Flush tube with 15 mL of orange juice.

Effective in raising baseline
pH and in maintaining
therapeutic pH for most
of a 24-hour period.

Sharma 
et al.25

Gastrostomy Omeprazole 1. Place contents of 20-mg capsule into 15-mL syringe.
2. Draw 10 mL of 8.4% sodium bicarbonate solution into

syringe.
3. Gently shake for 10–15 minutes until white suspension

forms.
4. Administer; flush tube with 10–15 mL of tap water.

Effective in raising baseline
pH.

Sharma 
et al.26

Gastrostomy Lansoprazole 1. Empty contents of 30-mg capsule into a 30-mL
catheter-tipped syringe.

2. Add 1.5 fluid ounces of orange juice to administer gran-
ules.

3. Flush tube with an additional 1.5 fluid ounces of orange
juice.

Effective in raising baseline
pH.

Sharma 
et al.27

Gastrostomy Lansoprazole 1. Empty contents of 30-mg capsule into 15-mL syringe.
2. Draw 10 mL of 8.4% sodium bicarbonate into syringe.
3. Gently shake for 10–15 minutes until granules dissolve

and a white suspension forms.
4. Administer immediately; flush tube with 10–15 mL of

tap water.

Effective in raising baseline
pH.

White 
et al.30

Gastrostomy Esomeprazole 1. Empty contents of capsule into 60-mL catheter-tipped
syringe.

2. Add 50 mL of water.
3. Replace plunger, leaving 5 mL of air between liquid and

plunger.
4. Shake syringe until all pellets move throughout syringe.
5. Shake syringe vigorously from front to back for 15 sec-

onds.
6. Attach to tube; administer contents over 30 seconds;

use gentle side-to-side shaking.

In vitro administration 
resulted in delivery rate of
approx. 99%.

Phillips 
et al.31

Jejunal Omeprazole 1. Dissolve contents of two 20-mg capsules in 20 mL of
8.4% sodium bicarbonate solution.

2. Gently shake to ensure mixing.
3. Administer contents; flush tube with 10 mL of water.

Higher Cmax.; faster Tmax

compared with nasogas-
tric administration; effec-
tive at raising and main-
taining pH of less than 4.

AUC = area under the curve; Cmax = maximum concentration;  Tmax = time of maximum concentration.
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pH above 4 correlated well with the mean pH for all 22 patients
(r = 0.84).

Dunn et al.17

As seen in these studies, concerns remain about the admin-
istration of capsule contents and the premature activation of the
PPI molecule, particularly when patients are compromised
by delayed gastric emptying and by limitations to the use of
sodium bicarbonate as a protective agent. Therefore, the
 vehicle in which the granules are administered is of equal im-
portance.

Dunn and colleagues sought to determine whether ome -
prazole differed from lansoprazole in the number of granules
delivered and whether water or apple juice served as a better
vehicle of delivery. The investigators chose apple juice as a
 delivery medium because it was recommended by lansopra-
zole’s manufacturer and because some studies indicated that
acidic fruit juices would maintain the composition of ome -
prazole for up to 30 minutes.

This in vitro study also compared how well 15 mL, compared
with 30 mL, of the liquid vehicle delivered the medication
granules. The investigators individually counted the contents
of each capsule and then mixed them with either 30 mL of
water or with 15 mL of water or apple juice. A nasogastric
tube was placed in a position similar to what it would be in a
supine patient. The medication was administered through the
tube and collected by a filter at the end. Two investigators
 recounted the granules. Approximately 50% of omeprazole
granules and approximately 30% of the lansoprazole granules
were delivered; this result was not found to be statistically sig-
nificant (P > 0.05). However, when counts exceeding a 95%
 delivery were excluded, delivery rates did differ significantly
between the two medications (approximately 45% for omepra-
zole vs. approximately 15% for lansoprazole; P = 0.01). Deliv-
ery rates were not affected by the amount or type of vehicle
used.

Lansoprazole 
Chun et al.18

As demonstrated in the in vitro study by Dunn et al., the
 administration of lansoprazole granules via nasogastric tube
 resulted in a very low delivery rate.17 However, a small study
by Chun et al. estimated that the number of granules that
 adhered to tubing was minimal (2% or less). In this crossover
study, 23 healthy male volunteers were given an intact lanso-
prazole capsule and lansoprazole granules in apple juice. The
primary  objective was to determine differences in bioavailabil-
ity. After evaluating pharmacokinetic parameters, the authors
noted no significant difference between the capsule and gran-
ule formulations in their times to maximum concentration
(Tmax), peak concentration (Cmax), half-life, or AUC concentra-
tion. The AUC point estimate fell within the 90% confidence
 interval (CI),  indicating that the two formulations were bio -
equivalent (1.044, 90% CI, 0.955–1.140).

Doan et al.19

A second study of 36 healthy volunteers revealed similar
 results. The Doan study also had a crossover design, but a
sodium bicarbonate suspension was used to deliver the lanso-

prazole granules. Significant differences were found between
several pharmacokinetic parameters (Tmax, Cmax, and AUC);
however, the Cmax and AUC point estimates fell within the 90%
CIs that determined bioequivalence (1.136, 90% CI, 1.037–
1.244, and 0.851, 90% CI, 0.806–0.898, respectively). Because
the capsule and suspension formulations were found to be
bioequivalent, the differences noted in individual parameters
are likely to be of limited clinical significance.

Freston et al.20

Freston et al. completed a comparative study of lansoprazole
dispersion in apple juice given via nasogastric tube with IV
 pantoprazole. This crossover study compared pharmaco -
kinetic and intragastric pH on the first and fifth days of treat-
ment. This trial again demonstrated that the bioavailability of
lansoprazole was not affected when it was given in an alterna-
tive form. 

On the first day of treatment, patients receiving lansoprazole
had a significantly higher mean pH than those treated with pan-
toprazole at 0 to 5 hours (P = 0.0.29), at 6 to 10 hours (P = 0.001),
and at 11 to 15 hours (P = 0.016). The percentage of time spent
above a pH of 3, 4, and 5 was also significantly higher in the
lansoprazole group (P < 0.001 for all).

On day five of treatment, only the mean pH at the 6- to 10-
hour segment and the 11- to 15-hour segment remained signif-
icantly higher for lansoprazole (P = 0.004 and P = 0.048, respec-
tively).As for the percentage of time spent at a determined pH,
only a pH above 3 for patients treated with lansoprazole
 remained significant (P < 0.05).

The authors pointed out several limiting factors that apply
to all of the studies described thus far. Each study involved
healthy, primarily male patients. From the literature, it is dif-
ficult to determine whether bioavailability and efficacy would
remain the same in different patient populations. Freston et al.
mentioned that PPIs were administered only once daily and
that the effects on pH might be different with an increased
 frequency.

Olsen and Devlin21; Tsai et al.22

Two trials have demonstrated the efficacy of nasogastric
 administration in critically ill patients.21,22

Olsen and Devlin administered lansoprazole orally dis -
integrating tablets, according to package insert instructions,
and compared them with IV lansoprazole. They found that
the bioavailability of enterally administered lansoprazole was
lower than that of the IV formulation, but its acid-suppressing
ability was greater.21

Another study involving 15 critically ill patients documented
similar results. Tsai et al. evaluated gastric pH and the percent-
age of time spent above a pH of 4 when lansoprazole granules
were administered in water.22 The median pH was significantly
higher on the second and third days (P = 0.001), and the per-
centage of time spent above a pH of 4 was significantly higher
on these days when compared with baseline values (76% and
84%, respectively, P = 0.001).22

Because water was used as the delivery medium, a con-
cern was raised about exposure of the lansoprazole granules
to stomach acid with a resulting premature activation of the
drug. The Tsai study potentially circumvented this event by

PPIs in Enteral Nutrition
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 including patients who tolerated tube feedings and by exclud-
ing  patients with delayed gastric emptying or ileus.22 The
 appropriate functioning and motility of the GI tract in these
 patients might have allowed for the timely passage of the med-
ication into the small bowel.

Pantoprazole
Ferron et al.23

Although current manufacturer recommendations are avail-
able for administering pantoprazole oral suspension packets,
none exist for the tablet.9 Ferron et al. sought to compare the
bioavailability of pantoprazole tablets with that of an oral
 suspension administered via a nasogastric tube (see Table 3).
This crossover trial included 12 healthy males. A pharmaco-
kinetic analysis found that although the Cmax was similar for
both formulations, the bioavailability was significantly lower for
the suspension: tablet AUC = 6.53; suspension AUC = 4.89 
(P < 0.001). 

The authors noted that the reduced bioavailability might
have been caused by the lower concentration of sodium bicar-
bonate used (i.e., 4.2% vs. 8.4% used for other PPIs), thus allow-
ing for premature activation of the medication.

GASTROSTOMY TUBES
Omeprazole

Various formulations of omeprazole have been evaluated for
administration via gastrostomy tubes.

Sharma et al.24,25

Sharma et al. evaluated omeprazole given by gastrostomy
tube using intact granules suspended in orange juice.24 In this
open-label study, 14 male patients received 20 mg of omepra-
zole for seven days. Mean baseline 24-hour intragastric pH was
1.8, which rose to 4.9 after seven days of therapy with the
omeprazole suspension (P < 0.0001). The proportion of time
the intragastric pH was above 3 was also measured during the
baseline and post-therapy 24-hour periods. At baseline, the
mean time at a pH above 3 was 21%; after treatment, this pro-
portion rose to 80% (P < 0.0001).24

In another study, Sharma and other colleagues also evalu-
ated the use of a simplified omeprazole suspension (omepra-
zole granules suspended in sodium bicarbonate) in a similar
patient population.25 This open-label study was much smaller,
with only six patients, and consisted of only male patients
treated with 20 mg of omeprazole for seven days. The mean
baseline 24-hour intragastric pH was 2.2 and rose to 4.1 after
seven days of the omeprazole suspension (P < 0.01). The
 authors also measured the proportion of time during which the
intragastric pH was above 3, 4, and 5 during the baseline and
post-therapy 24-hour periods. At the baseline examination, the
proportions of time during which patients’ pH was above 3, 4,
and 5 were 35%, 28%, and 17%, respectively. After treatment,
these values rose to 63%, 51%, and 39% for a pH above 3, 4, and
5, respectively (P < 0.05).

A second phase of this trial included a liquid antacid in ad-
dition to omeprazole. After a seven-day treatment period, the
antacid provided no additional benefit when compared with
omeprazole alone (P > 0.05).25

Lansoprazole
Sharma et al.26,27

Sharma and colleagues also studied the effect of lansopra-
zole on pH when the drug was suspended in orange juice.26

Using an identical study design as in the other trials just de-
scribed,24,25 the investigators found that lansoprazole was
 effective as a suspension in orange juice. Eight men received
lansoprazole 30 mg for seven days. The mean 24-hour baseline
pH was 1.9, which rose to 4.7 after therapy was completed 
(P < 0.0001). At the baseline evaluation, the proportion of time
spent at a pH above 3, 4, and 5 was 23%, 13.5%, and 7.5%, respec-
tively. After treatment, time proportions at a pH above 3, 4, and
5 rose to 81%, 70%, and 52%, respectively (P < 0.0001).26

In an open-label study, Sharma and associates also assessed
the use of a simplified lansoprazole suspension administered
by gastrostomy tube.27 This study compared lansoprazole sus-
pended in orange juice with a solution of lansoprazole made
with sodium bicarbonate in six male patients. The patients
first received lansoprazole in orange juice for seven days, fol-
lowed by a lansoprazole suspension for seven days. The mean
24-hour baseline pH of 1.8 rose to 4.5 after seven days of
 lansoprazole in orange juice and to 5.1 after seven days of the
suspension. Significant changes were found for each formula-
tion compared with baseline (P < 0.001 for both); however, no
significant differences were found between the two lanso -
prazole formulations themselves (P > 0.05).

The proportion of time at a pH exceeding 3, 4, and 5 also dif-
fered significantly for both formulations compared with base-
line (P < 0.01); however, the formulations did not differ from
each other (P > 0.05).27

Esomeprazole
Several in vitro studies have examined the delivery of

 esomeprazole pellets via nasogastric and gastrostomy tubes.

Shah et al.28; Johnson29

Shah et al. compared delivery of esomeprazole magnesium
enteric-coated pellets in tap water with various concentrations
of the suspension liquid, Ora-Plus (Paddock Laboratories),28

a vehicle used for extemporaneous compounds.29 In the first
phase of the study, the  authors used size 14 French standard
nasogastric tubes to  deliver esomeprazole pellets in tap water
(Ora-Plus 30%, Ora-Plus 50%, and Ora-Plus 70%). After phase
1, pellet retention was significantly greater with Ora-Plus 70%
(P < 0.003) than with the other vehicles.28 Tap water and Ora-
Plus 30% showed the least amount of retention and were there-
fore used for phase 2 of the study. 

For phase 2, the authors used size 8 French nasogastric and
size 20 French gastrostomy tubes. No differences were found
between tap water and Ora-Plus 30% for either the nasogastric
tubes (P > 0.280) or the gastrostomy tubes (P > 0.886). 

During both phases, all methods were successful in deliv-
ering the dispersed pellets at a rate of 99%; however, during
phase 2, one trial was excluded from analysis because of
 exceptionally large pellet retention with the use of tap water
in a size 8 French nasogastric tube. The authors attributed this
 effect to the ever-present potential for clogging when drugs are
given by a feeding tube.28
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White et al.30

One additional in vitro study sought to determine whether
the method of delivery or bore size affected the delivery rate
of esomeprazole pellets. White et al. evaluated two sizes of na-
sogastric tubes and a size 20 French gastrostomy tube. They
used current manufacturer guidelines for nasogastric admin-
istration; therefore, results for only the gastrostomy tube are
reviewed here. 

The authors tested delivery methods tested by administer-
ing medication in one or two steps. However, they tested the
gastrostomy tube by only the one-step method, noting that al-
most 99% of pellets were delivered via gastrostomy tubing. No
significant differences were observed between gastrostomy
tubes and size 14 French nasogastric tubing.

Jejunostomy
Phillips et al.31

Published studies describing the administration of PPIs via
a jejunostomy tube are exceedingly limited. Only one study was
available. Phillips et al. evaluated pharmacokinetic parameters
and gastric pH using omeprazole suspension in nine critically
ill surgical patients in the intensive-care unit. The authors
found that the Tmax was significantly lower with the jejunal
route (12.1 minutes) than with nasogastric administration
(108.3 minutes) (P < 0.001). The Cmax was also significantly
higher with jejunal tubing (1.833 mcg/mL) than with naso -
gastric administration (0.970 mcg/mL) (P = 0.0006).

Although these two pharmacokinetic parameters did differ,
the bioavailability of each administration route did not, indicat-
ing only limited to no clinical significance for the kinetic differ -
ences seen. Baseline pH rose from 1.63 to greater than 4
throughout the study period for patients who received omepra-
zole via the jejunal route. However, over a 24-hour period,
 jejunal administration resulted in a significantly lower mean pH
when compared with nasogastric administration (5.57 vs. 6.32,
respectively; P = 0.015).

CONCLUSION
Selecting agents to be included on an institutional formulary

can be a daunting task for P&T committee members, particu-
larly when several agents in a class exist with multiple formu-
lations. PPI administration to hospitalized patients is a daily
 occurrence; therefore, the selection of one agent to include on
the formulary is likely to be the most cost effective. When
choosing an appropriate agent to interchange for the class, one
would hope to ensure similar efficacy with the lowest cost
possible and the flexibility to administer the medication in
special populations.

Almost all PPIs may be given in some form via a naso -
gastric tube. Care must be taken to ensure that medications
do not adhere to or clog the tubing. Health care professionals
must consider many factors when administering a PPI via
 nasogastric tubing. Most frequently, the size of the tubing’s
 diameter, the pellets, or the granules can affect the pro -
cedure; however, in populations such as the critically ill or
 pediatric patients, factors such as volume and sodium status
must be considered as well.

Only three PPIs for delivery by gastrostomy tubes have
been reported in the literature to support either their efficacy

or their potential to be retained in the tubing. For jejun ostomy
tubes, only omeprazole has been studied. All administration
methods cited in this article are listed in Table 3 along with a
summary of their efficacy or bioavailability.

When giving PPIs via a nasogastric tube, health care profes-
sionals should follow all manufacturer recommendations
 regarding preparation and administration (see Table 2). Care
should be taken with children and adolescents, because naso-
gastric administration has not been consistently found to be
highly effective except for liver and intestinal transplant
 patients. 

Omeprazole and lansoprazole have been effective when
they are administered via gastrostomy tube. In vitro data sug-
gest that esomeprazole may be a suitable option as well. For
patients with a jejunostomy tube, only omeprazole has been
 effective.

REFERENCES
1. Lexi-Drugs. Hudson, OH: Lexi-Comp, Inc. Available at: http://

online.lexi.com/crlonline. Accessed September 30, 2008.
2. DiPiro JT, Talbert RL, Yee GC (eds). Pharmacotherapy: A Patho-

physiologic Approach, 6th ed. New York: McGraw-Hill; 2005.
3. Hoogerwerf WA, Pasricha PJ. Pharmacotherapy of gastric acid-

ity, peptic ulcers, and gastroesophageal reflux disease. In: Hard-
man JG, Limbird LE (eds). Goodman and Gilman’s The Pharma-
cological Basis of Therapeutics, 11th ed. New York: McGraw-Hill;
2001.

4. Bistrian Br, Driscoll DF. Enteral and parenteral nutrition therapy.
In: Fauci A, Braunwald E, Kasper DL, et al. (eds). Harrison’s
Principles of Internal Medicine, 17th ed. McGraw-Hill; 2008.
Stat!Ref Online Electronic Medical Library. Jackson, WY. Avail-
able at: http://online.statref.com. Accessed June 2, 2008.

5. Nexium (esomeprazole), package insert. Wilmington, DE: Astra -
Zeneca; February 2008.

6. Prevacid (lansoprazole), package insert. Lake Forest, IL: Tap
Pharmaceuticals; July 2007.

7. Prilosec (omeprazole), package insert. Wilmington, DE: Astra -
Zeneca; March 2008.

8. Zegerid (omeprazole/sodium bicarbonate), package insert. San
Diego, CA: Santarus, Inc.; January 2008.

9. Protonix (pantoprazole), package insert. Philadelphia, PA: Wyeth
Pharmaceuticals; May 2008.

10. Aciphex (rabeprazole), package insert. Woodcliff Lake, NJ: Eisai,
Inc.; February 2007.

11. Larson C, Cavuto NJ, Flockhart DA, Weinberg RB. Bioavaila -
bility and efficacy of omeprazole given orally and by nasogastric
tube. Dig Dis Sci 1996;41(3):475–479.

12. Phillips JO, Metzler MH, Palmieri MT, et al. A prospective study
of simplified omeprazole suspension for the prophylaxis of stress-
related mucosal damage. Crit Care Med 1996;24(11):1793–1800.

13. Tuleu C, Arenas-Lopez S, Robinson C, et al. ‘Poppy seeds’ in
stomach aspirates: Is oral omeprazole extemporaneous dispersion
bioavailable? Eur J Pediatr 2008;167:823–825.

14. Haizlip JA, Lugo RA, Cash JL, Vernon DD. Failure of nasogastric
omeprazole suspension in pediatric intensive care patients. Pedi-
atr Crit Care Med 2005;6(2):182–187.

15. Olsen KM, Bergman KL, Kaufman SS, et al. Omeprazole pharma-
codynamics and gastric acid suppression in critically ill pediatric
transplant patients. Pediatr Crit Care Med 2001;2:232–237.

16. Kaufman SS, Lyden ER, Brown CR, et al. Omeprazole therapy in
pediatric patients after liver and intestinal transplant. J Pediatr
 Gastroenterol Nutr 2002;34(2):194–198.

17. Dunn A, White CM, Reddy P, et al. Delivery of omeprazole and
lansoprazole granules through a nasogastric tube in vitro. Am J
Health Syst Pharm 1999;56:2327–2330.

18. Chun AHC, Shi HH, Achari R, et al. Lansoprazole: Administration
of the contents of a capsule dosage formulation through a naso-
gastric tube. Clin Ther 1996;18(5):833–842.

PPIs in Enteral Nutrition

continued on page 160



160 P&T® •  March  2009  •  Vol. 34  No. 3

19. Doan TT, Wang Q, Griffin JS, et al. Comparative pharmaco -
kinetics and pharmacodynamics of lansoprazole oral capsules
and suspension in healthy subjects. Am J Health Syst Pharm 2001;
58:1512–1519.

20. Freston J, Chiu YL, Pan WJ, et al. Effects on 24-hour intragastric
pH: A comparison of lansoprazole administered nasogastrically in
apple juice and pantoprazole administered intravenously. Am J
Gastroenterol 2001;96(7):2058–2065.

21. Olsen KM, Devlin JW. Comparison of the enteral and intravenous
lansoprazole pharmacodynamic responses in critically ill patients.
Aliment Pharmacol Ther 2008;28:326–333.

22. Tsai WL, Poon SK, Yu HK, et al. Nasogastric lansoprazole is
 effective in suppressing gastric acid secretion in critically ill
 patients. Aliment Pharmacol Ther 2000;14:123–127.

23. Ferron GM, Ku S, Abell M, et al. Oral bioavailability of panto -
prazole suspended in sodium bicarbonate solution. Am J Health
Syst Pharm 2003;60:1324–1329.

24. Sharma VK, Heinzelmann EJ, Steinberg EN, et al. Non-encapsu-
lated, intact omeprazole granules effectively suppress intragastric
acidity when administered via a gastrostomy. Am J Gastroenterol
1997;92(5):848–851.

25. Sharma VK, Vasudeva R, Howden CW. The effects on intra -
gastric acidity of per-gastrostomy administration of an alkaline
suspension of omeprazole. Aliment Pharmacol Ther 1999;13:1091–
1095.

26. Sharma VK, Ugheoke EA, Vasudeva R, Howden CW. The phar-
macodynamics of lansoprazole administered via gastrostomy as
intact, non-encapsulated granules. Aliment Pharmacol Ther 1998;
12:1171–1174.

27. Sharma VK, Vasudeva R, Howden CW. Simplified lansoprazole
suspension: A liquid formulation of lansoprazole effectively
 suppresses intragastric acidity when administered through a
 gastrostomy. Am J Gastroenterol 1999;94(7):1813–1817.

28. Shah SA, Sander S, Coleman CI, White CM. Delivery of esomepra-
zole magnesium through nasogastric and gastrostomy tubes
using an oral liquid vehicle as a suspending agent in vitro. Am J
Health Syst Pharm 2006;63:1882–1887.

29. Johnson PL. Material Safety Data Sheet: Ora-Plus (Monograph).
Minneapolis: Paddock Laboratories, Inc; 1992. Available at:
http://paddocklabs.com/forms/msds/oraplus.pdf. Accessed
September 30, 2008.

30. White CM, Kalus JS, Quercia R, et al. Delivery of esomeprazole
magnesium enteric-coated pellets through small caliber and stan-
dard nasogastric tubes and gastrostomy tubes in vitro. Am J
Health Syst Pharm 2002;59:2085–2088.

31. Phillips JO, Olsen KM, Rebuck JA, et al. A randomized, pharma-
cokinetic and pharmacodynamic, cross-over study of duodenal or
jejunal administration compared to nasogastric administration of
omeprazole suspension in patients at risk for stress ulcers. Am J
Gastroenterol 2001;96(2):367–372. �

PPIs in Enteral Nutrition

continued from page 151




